INTRODUCTION
============

Colorectal cancer (CRC) is a major public health problem accounting for over one million cases of new cancers and about half a million deaths annually worldwide \[[@B1]\]. It is the second leading cause of cancer-related death in Western countries and the third most common cancer in Korea \[[@B2], [@B3]\]. While surgical resection remains the cornerstone of treatment for CRC, a significant proportion of patients has suffered from relapses and deaths even after the surgery. With great efforts to improve postoperative survival, adjuvant chemotherapy, due to its significant survival benefits, has been routinely recommended after a curative surgical resection of stage III CRC \[[@B3]\]. In large, randomized, clinical trials, postoperative adjuvant chemotherapy in stage III CRC provided an approximately one-third reduction in the relative risk of cancer recurrence and cancer-related death \[[@B4]\]. Guidelines published by the American Society of Clinical Oncology and the National Comprehensive Cancer Network for CRC recommend that all patients with stage III disease should undergo surgical resection and receive adjuvant chemotherapy \[[@B5]\]. However, although the use of adjuvant treatment is prevalent, the optimal time to start chemotherapy after surgery in CRC is not well established \[[@B6]\]. It is usually accepted that adjuvant chemotherapy should begin within 8 weeks after surgery, and most clinical trials mandate that it should be started within 6 to 8 weeks after surgery. A large, randomized study conducted with stage III CRC patients in the United States reports that, compared with adjuvant chemotherapy initiated within one month after surgery, adjuvant chemotherapy initiated beyond three months after surgery was associated with a 50% increase in colon-cancer-specific mortality \[[@B7]\]. Other studies report no clinical benefits of chemotherapy when it is delayed beyond 3 months after surgery \[[@B8]\]. Because of such reports, a routine clinical assumption has been that chemotherapy should be commenced as soon as possible following surgery. However, many clinicians have the experience that chemotherapy initiated too soon after surgery leads to more side effects induced by the agents of chemotherapy. These complications may interrupt the treatment agenda of chemotherapy and may even cause death \[[@B9]\]. With this controversy, our study aims to quantitatively evaluate the effectiveness of beginning adjuvant chemotherapy early, within 6 weeks after curative surgery.

METHODS
=======

From January 2002 to December 2009, 159 patients with stage III CRC who had undergone surgical resection were enrolled in this study. All the patients had been pathologically diagnosed with stage III CRC after elective and curative surgeries, and had received adjuvant chemotherapy. Patients who had taken neoadjuvant chemotherapy and perioperative radiotherapy were excluded. The medical records of patients were reviewed retrospectively. Patients were categorized into three groups representing different times for starting adjuvant chemotherapy after surgery; patients having adjuvant chemotherapy within 2 weeks, 3 to 4 weeks, and 5 to 6 weeks after surgery were categorized as group 1, group 2, and group 3, respectively.

To evaluate the efficacy of adjuvant chemotherapy according to the timing of its initiation, we analyzed and compared the 5-year overall survival rates (OSs) and the relapse-free survival rates (RFSs) after surgery between the groups. The OSs and the RFSs were estimated by using the Kaplan-Meier method, and the differences between the groups were assessed using the log-rank test. Univariate and multivariate Cox proportional hazards models were used to adjust for the imbalances in the conventional prognostic factors. A two-sided P-value of less than 0.05 was considered to represent statistical significance. IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA) was used for statistical analyses.

RESULTS
=======

Of the 159 patients enrolled in this study, 73 patients were male, and 86 patients were female. The mean age of the patients was 63.7 years (range, 28 to 89 years) old. The mean interval from the surgery to the initiation of adjuvant chemotherapy was 22.4 days, with a range of 8 to 122 days. One hundred twenty-one patients had chemotherapy intravenously, and 38 patients had it orally. Among the patients with intravenous chemotherapy, 74 patients had chemotherapy with 5-fluorouracil and leucovorin (the regimen of 5-FU/LV), and 47 patients had oxaliplatin, 5-fluorouracil and leucovorin (the regimen of FOLFOX-4). Of the 38 patients who had oral chemotherapy, 19 patients received Xeloda (capecitabine, Roche, Basel, Switzerland) while 15 patients received Fluridine (doxifluridine, Samjin Pharm., Seoul, Korea) and 4 patients received UFT (tegafur combinations, Jeil pharmaceutical Co., Seoul, Korea) ([Table 1](#T1){ref-type="table"}).

A total of 72 patients, group 1, received chemotherapy within 2 weeks after surgery. The mean age of those patients was 60.7 years old. The number of males and females was 36 each. The mean follow-up duration was 41.5 months. A total 54 of patients, group 2, received chemotherapy within 3-4 weeks after surgery. The mean age of those patients was 66.1 years old. The numbers of males and females were 25 and 29, respectively. The mean follow-up duration was 50.3 months. A total of 33 patients, group 3, received chemotherapy within 5-6 weeks after surgery. Of those patients, 12 were male, and 21 were female, and the mean age was 66.3 years old. The mean follow-up duration was 47.4 months. There were no significant differences in either the sex distribution or the mean duration of follow-up between the groups (P = 0.428, P = 0.121). However, the mean age of group 1 was significantly younger than those of the other two groups (p = 0.021) ([Table 2](#T2){ref-type="table"}).

The 5-year OSs were 73.7% in group 1, 67.0% in group 2, and 55.2% in group 3. There was no statistical significance in the 5-year OSs between these 3 groups (log-rank P = 0.200) ([Table 3](#T3){ref-type="table"}). The Kaplan-Meier curves for the 5-year OS are shown in [Fig. 1](#F1){ref-type="fig"}. The results of an analysis with the multivariate Cox proportional hazards model showed that the hazards ratios (HRs) of the overall survival were 0.699 (95% confidence interval \[CI\], 0.335 to 1.462) in group 1 and 0.596 (95% CI, 0.287 to 1.236) in group 2, but this difference was not statistically significant (P = 0.366). The results obtained for age by using the univariate Kaplan-Meier method were statistically significant (P = 0.017). The HR obtained for age by using the multivariate Cox proportional hazards model was 1.041 (95% CI, 0.012 to 1.070) (P = 0.005). The sex distribution showed no difference between the three groups based on the univariate analysis; the HR was 0.886 (95% CI, 0.485 to 1.620) (P = 0.695) ([Table 3](#T3){ref-type="table"}).

The 5-year RFSs were 48.8% in group 1, 64.7% in group 2, and 57.1% in group 3 (log-rank P = 0.405) ([Table 4](#T4){ref-type="table"}). The results of an analysis with the multivariate Cox proportional hazard regression model for the 5-year RFS are shown in [Table 4](#T4){ref-type="table"}. The HRs of the 5-year RFS were 0.985 (95% CI, 0.493 to 1.966) in group 1 and 0.656 (95% CI, 0.313 to 1.376) in group 2. However, there was no statistical significance in the multivariate analysis of the 5-year RFS (P = 0.377) ([Table 4](#T4){ref-type="table"}). The Kaplan-Meier curves for the 5-year RFS are shown in [Fig. 2](#F2){ref-type="fig"}.

DISCUSSION
==========

There are several different hypotheses regarding the mechanism behind local recurrence and distant metastasis after radical resection of a tumor. Some studies with animal models suggest that surgery might increase the number of circulating tumor cells and accelerate the growth of metastatic infiltrates. These results are associated with the reduction of angiogenesis inhibitors, such as angiostatin, after removal of the primary tumor \[[@B9]-[@B12]\]. Surgery has been shown to enhance production of oncogenic growth factors, such as transforming growth factor, which may promote tumor growth \[[@B13], [@B14]\]. Furthermore, the classic mathematical model by Goldie and Coldman \[[@B15]\] suggests that the probability of mutations that lead to drug resistance increases over time and depends on the mutation rate of tumor cells and their sizes. These reports of preclinical tumor growth and kinetic models support a hypothesis that chemotherapy is most effective if initiated promptly when tumor burden is low. Also, in the aspect of pharmacodynamics, the reduction of malignant proliferation is most effective when a chemotherapeutic agent is administered immediately after tumor removal. The reason behind this theory is that after surgery, the cell cycle of micrometastatic foci is very rapid due to the effect of several cytokines and this rapid cell cycle is a good target for chemotherapeutic action. The wound healing process creates a favorable environment for metastatic clones to grow, and the chemotherapeutic agent can penetrate into tumor cells more easily when the tumor burden is still small \[[@B16]\]. Chau et al. \[[@B17]\] reported that patients who started chemotherapy within 8 weeks after surgery for stage II and III CRC showed higher OS than the patients who had chemotherapy after 8 weeks, but not beyond 12 weeks. Czaykowski et al. \[[@B4]\] compared the OSs for stage III CRC patients for whom chemotherapy was initiated within 8 weeks of surgery and beyond 8 weeks after surgery and reported that former group showed a better result. The study results of Chau et al. \[[@B17]\] and Czaykowski et al. \[[@B4]\] supported the idea that adjuvant chemotherapy should start as soon as possible after the surgery, with most clinical trials recommending the initiation of chemotherapy within 6 or 8 weeks after surgery.

Clinical trials in CRC generally follow a time interval of no more than 6 to 8 weeks after surgery to start the adjuvant chemotherapy regimen. However, not enough prior studies have specifically examined factors associated with the time interval to initiate adjuvant chemotherapy or the relationship between the time interval and the oncologic outcome. Thus, our study analyzed the long-term follow-up results of adjuvant chemotherapy initiated within 2 weeks, within 3-4 weeks, and within 5-6 weeks after surgery, as supported by the previously-discussed hypothesis on tumor relapse. According to our analysis, group 1 had adjuvant chemotherapy within 2 weeks and had the highest 5-year OS of 73.7%. group 2, which started chemotherapy within 3-4 weeks, had a 5-year OS of 67.0%. Lastly, group 3 had the lowest OS, 55.2%. Taal et al. \[[@B18]\] reported results similar to those of our study; they analyzed the OSs and the RFSs of the patients for whom chemotherapy had been initiated between 20 and 28 days (between 3 and 4 weeks) and beyond 28 days (beyond 4 weeks) after surgery for stage II and III CRC. The results for each group were compared, but significant differences were found. Putting these various reports together with our study, we found that starting chemotherapy within 6 or 8 weeks after surgery had a survival benefit, but, in contrast to our expectation, no improvement of oncologic result was found to be associated with early initiation of chemotherapy.

It is important to note that initiating chemotherapy too early may cause some problems and occasionally, even death \[[@B19]\]. The problems include hematological, gastrointestinal, dermatological, renal, pulmonary, cardiac, neurological, hepatic and gonadal side effects. In patients with depressed immune condition and poor performance scale after surgery, the toxicity of chemotherapeutic agents may be maximized. This toxicity can affect the result of surgery and may, for example, cause postoperative bleeding due to thrombocytopenia, severe anemia and various infectious complications. Several animal studies have reported that after systemic infusion of chemotherapy, there is an increased risk of anastomotic site rupture due to the anastomosis being weaker immediately after surgery \[[@B20]\]. Most study results on the treatment of colon cancer point out that the benefit of starting chemotherapy earlier than 6 weeks after surgery is unclear. Our study produced the same result that initiating chemotherapy too early may not have any benefits, but may have more side effects. Thus, it would be better to wait for patients to recover and to delay chemotherapy in case of the patients with poor postoperative condition in order to lessen complications induced by chemotherapy without impairing the prognosis \[[@B19],[@B20]\].

This study has some limitations. First, our study was limited by its retrospective nature. Certain imbalances of known and unknown prognostic factors, such as completeness of the regimen or the specific chemotherapy regimens received, may influence the results. In addition, some factors that might influence the decision to delay the initiation of chemotherapy and might bring about poor outcomes may not have been taken into account. Such unrecorded clinical factors that might affect overall patient survival were surgical complications, number of metastatic lymph nodes, tumor grade, and functional status of the patients. Second, the conclusions based on subgroup analyses were limited by the small numbers of patients participating in the study. Third, our study was a nonrandomized, prospective problem. For obvious ethical reasons, a randomized controlled trial comparing the survival rates for three different times to begin adjuvant chemotherapy following surgery would not be feasible. Therefore, the question of randomly having different timings for the initiation of chemotherapy cannot be addressed prospectively. If this question is to be answered, a comparison between the risk-to-benefit ratio of delayed adjuvant chemotherapy and no adjuvant chemotherapy by means of a randomized controlled trial is needed. However, such a trial would raise not only ethical problems but also practical issues. Fourth, our study does not have a comparison group for adjuvant chemotherapy. Therefore, it is impossible to speculate whether the benefit of chemotherapy is lost entirely or is partially diminished by a delay of more than 6 weeks after surgery \[[@B16], [@B21]\].

Before conducting our study, we expected to find results that would support the use of adjuvant chemotherapy within 6 weeks after surgery to achieve a better OS, but our results did not show a significant difference depending on the timing of the initiation of adjuvant chemotherapy. Previous studies on the treatment of CRC recommended that adjuvant chemotherapy should begin 6-8 weeks after the operation, and our study result showed that beginning adjuvant chemotherapy earlier than 6 weeks did not have any significant benefits and that the general condition of the patients should be taken into consideration when determining the optimal starting date for chemotherapy.
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Demographic characteristics of patients (n = 159)
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SD, standard deviation.
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Distributions of age and sex in each group
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SD, standard deviation.
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Univariate Kaplan-Meier method and multivariate Cox proportional hazards model of 5-year overall survival
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OS, overall survival; HR, hazard ratio; CI, confidence interval.
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Univariate Kaplan-Meier method and multivariate Cox proportional hazards model of 5-year relapse-free survival
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RFS, relapse-free survival; HR, hazard ratio; CI, confidence interval.
